We found symptomatic hyponatremia in four elderly patients in which serum sodium (Na) levels ranged from 101 to 122 mEq/l. All 4 patients had low levels of plasma adrenocorticotropic hormone (ACTH), serum cortisol, and urinary excretion of 17-OHCS, and poor responses of ACTH to exogenous insulin and antidiuretic hormone (ADH). Other pituitary hormones were all normal. They were therefore diagnosed as having isolated ACTH deficiency. Plasma ADH was relatively high despite hypoosmolality which was associated with the hyponatremia. Water loading test revealed impaired water excretion and poor suppression of plasma ADH. Replacement with 20-30 mg hydrocortisone completely restored the serum Na level and restored the plasma ADH level to the normal range in all 4 patients. Other factors such as decreased glomerular filtration, enhanced urinary Na loss and decreased Na intake were also included. These results indicate that there is marked hyponatremia and that in the presence of hypoosmolality the sustained secretion of ADH is the key factor in causing the impaired water excretion and hyponatremia in isolated ACTH deficiency.
Abstract.
We found symptomatic hyponatremia in four elderly patients in which serum sodium (Na) levels ranged from 101 to 122 mEq/l. All 4 patients had low levels of plasma adrenocorticotropic hormone (ACTH), serum cortisol, and urinary excretion of 17-OHCS, and poor responses of ACTH to exogenous insulin and antidiuretic hormone (ADH). Other pituitary hormones were all normal. They were therefore diagnosed as having isolated ACTH deficiency. Plasma ADH was relatively high despite hypoosmolality which was associated with the hyponatremia. Water loading test revealed impaired water excretion and poor suppression of plasma ADH. Replacement with 20-30 mg hydrocortisone completely restored the serum Na level and restored the plasma ADH level to the normal range in all 4 patients. Other factors such as decreased glomerular filtration, enhanced urinary Na loss and decreased Na intake were also included. These results indicate that there is marked hyponatremia and that in the presence of hypoosmolality the sustained secretion of ADH is the key factor in causing the impaired water excretion and hyponatremia in isolated ACTH deficiency. (Endocrinol Japon 38: 325-330, 1991) ISOLATED adrenocorticotropic hormone (ACTH) deficinecy is a rare state of hypopituitarism [1] . This is only a deficit of ACTH without any abnormality in other pituitary hormones, and the cause of isolated ACTH deficiency has not been determined.
We have demonstrated that a high grade of empty sella is accompanied with isolated ACTH deficiency [2] . Hyponatremia is one of the clinical features of isolated ACTH deficiency [3] . The serum sodium (Na) level is quite dependent on a volume state of extracellular fluid.
Water retention is present in adrenal insufficiency, and this is closely related to the increase in antidiuretic hormone (ADH) [4, 5] . Plasma osmolality (Posm) is not high enough to cause the release of ADH from the neurohypophysis, which is rather below the normal range. The increase in plasma ADH is thus suggested to be inappropriate.
We have demonstrated a potent antidiuretic antagonist to ADH markedly recovered water excretion in both glucocorticoid and mineralocorticoid deficiency [6] . Since ACTH regulates adrenocortical hormone secretion, it is of importance to determine whether ADH is involved in the mechanism for hyponatremia in isolated ACTH deficiency. Na level had decreased to 101mEq/l. After infusion therapy, he became alert. A similar attack occurred a month ago, when the serum Na level again decreased to 114mEq/l. He was admitted to a hospital and transferred to Jichi Medical School Hospital for further evaluation of hyponatremia. On admission, he was 163 cm tall and weighed 42.4kg.
His blood pressure was 90/50 mmHg without any postural change, his pulse rate was 68/min with a regular rhythm, and he was conscious and alert. He had a dry skin and tongue. Other physical and neurological examinations revealed no abnormal finding.
Patient 2
A 59-year-old man was admitted to Jichi Medical School Hospital as he complained of appetite loss and dyspnea. He had been diagnosed as having bronchial asthma 9 years previously, but thereafter he had not needed any medication. Since last year he had had nausea, vomiting and low-grade fever several times, and he visited to our hospital because of the above chief complaints. Chest X-ray Plasma ACTH, aldosterone, plasma renin activity (PRA), ADH and serum cortisol were measured. ACTH and PRA were determined by means of ACTH Radioimmunoassay and Plasma Renin Activity kits(Midori-Juji Co., Tokyo, Japan), respectively [7, 8] . Plasma aldosterone and cortisol were measured by means of Aldosterone Radioimmunoassay and Cortisol Radioimmunoassay kits (Dainabott Lab., Tokyo, Japan), respectively [9, 10] . Plasma ADH was measured with an antibody to ADH, which was kindly provided by Mitsubishi-Yuka Co. (Tokyo, Japan) [11] . Secretions of ACTH and cortisol were studied by the intramuscular administration of ADH (10 U of aqueous Pitressin, Parke-Davis, Michigan, U. S. A.) and the intravenous administration of shortacting insulin (0.05-0.1 U/kg body weight). An acute oral water loading test (20ml/kg body weight) was performed in the absence and presence of 40mg hydrocortisone administered orally. Urine was collected at 30 min intervals for 4 h to measure the urine volume and urinary osmolality (Uosm). Blood was collected at 1 h intervals for 4h to measure Posm and plasma ADH.
Results

Laboratory findings
are shown in patients. Responses of plasma ACTH and serum cortisol to exogenous insulin and ADH were blunted respectively. However, the adrenal cortex responded to exogenous ACTH and increased serum cortisol considerably, though the increases were relatively small because of secondary adrenal insufficiency. Other pituitary hormones, including growth hormone, luteinizing hormone, folliclestimulating hormone and thyroid-stimulating hormone were normal (data not shown).
Minimal values of serum Na were between 101 and 122mEq/l ( Table 2 ). Urinary excretions of Na were above the normal ranges. Posm was less than 280 mOsm/kg H2O in all 4 patients in parallel with the serum Na levels. Plasma ADH levels remained relatively high despite the lowered Posm. Figure 1 shows an acute water loading test in patients 1 and 3 in the presence and absence of hydrocortisone. In the absence of hydrocortisone, urinary excretions during the 4 h period were 25 and 11% of water loaded, respectively. In normal subjects, the percent of water excretion loaded reached more than 80%. Minimal Uosm remained high at 435 and 353mOsm/kg H2O, respectively. Plasma ADH levels declined after the water load. Water loading was repeated in the same manner after 40 mg hydrocortisone was administered at 0500 h on the same day. The percent of water patients. This can be interpreted by the dependence on both the degree of hyponatremia and lowering of the serum Na level [12] . The mechanism of hyponatremia is evaluated in patients with isolated ACTH deficiency. First, there is evidence of water retention, since an acute water loading test showed impaired water excretion and poorly diluted Uosm. In normal subjects, the percent of water excretion is more than 80% of water loaded and minimal Uosm decreased to below 150 mOsm/kg H2O. This is confirmed by the increase in plasma ADH in spite of hypoosmolality and little suppression of ADH after the water load. We knew that glucocorticoid directly acts on the hypothalamus to produce tonic inhibition of ADH release from magnocellular neurosecretory neurons [13, 14] . In the state of glucocorticoid deficiency, plasma ADH increases [6, 15] . Such an increase in plasma ADH produces water retention, thus causing dilutional hyponatremia. Taken together, the increase in plasma ADH is the key factor in the impaired water excretion in isolated ACTH deficiency. We found that plasma ADH normalized and water retention disappeared after the therapy with hydrocortisone. This is supported by the finding that a potent antagonist to ADH markedly recovered water retention in both glucocorticoid and mineralocorticoid deficient rats [6] .
Second, glomerular filtration is known to decrease in glucocorticoid deficiency [16] , though we did not evaluate it in our patients. This is another factor causing water retention. As evaluated, urinary Na excretion was exaggerated in our patients. The decreases in serum cortisol and plasma aldosterone are involved in the Na-losing state. Also, the patients with isolated ACTH deficiency became inactive and had a poor appetite, and Na intake was probably reduced [17] . These Na-losing states are probably related to hypovolemia in our patients.
In summary, the mechanisms for hyponatremia in 4 patients with isolated ACTH deficiency are multifactorial. Though we did not measure the circulatory blood volume directly, the patients probably remained in an euvolemic state. There are two major changes in the opposite direction, namely, the Na-losing state causes volume depletion and the inappropriate secretion of ADH causes water retention. These alterations may produce equilibrium in the state of the body fluid, which becomes nearly normovolemic.
Such a circumstance could lead to diluted hyponatremia. The key factor is the inappropriate secretion of ADH to produce hyponatremia in isolated ACTH deficiency.
